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In this issue of Structure, Shaw et al. (2008) report a crystal structure of the Escherichia coli RapA protein, the
only bacterial member of the SWI/SNF2 family (Lewis et al., 1992; Bork and Koonin, 1993). The structure re-
ported is also the first structure of any full-sized SWI/SNF2 family protein.RapA (also known as HepA [Muzzin et al.,
1998]) binds the E. coli RNA polymerase
(RNAP). RapA is as abundant in the cell
as the housekeeping promoter-specificity
RNAP subunit s70, and, like s70, it readily
copurifies with RNAP. However, RapA
has received much less attention than
s70. Indeed, in contrast to s70, no obvious
functional role could be assigned to
RapA, and, moreover, the fact that the
rapA null mutant is viable suggests that
RapA is not an obligatory player in bacte-
rial transcription. Nevertheless, its abun-
dance in the cell, strong association with
RNAP, and ubiquitous presence across
eubacteria strongly indicate that RapA is
a general transcriptional factor. Like other
SWI/SNF2 family proteins, RapA is an
ATPase; it binds nucleic acids, preferring
dsDNA, and its ATPase activity is stimu-
lated in the presence of RNAP (Sukhodo-
lets and Jin, 1998).
It has been known for a long time that
purified E. coli RNAP can perform only
a very limited number of transcription cy-
cles in in vitro reactions, indicating that
highly pure RNAP, which contains only its
traditionally recognized subunits (a, b. b’,
s, u), is inactivated by the very act of
transcription. Previous in vitro work re-
vealed that RapA stimulates in vitro tran-
scription by facilitating RNAP recycling
(Sukhodolets et al., 2001). While it was
clear that this stimulation required ATP
and was dependent on the ATPase
activity of RapA, its exact mechanism
remained undefined.
Shaw et al. (2008) solved the crystal
structure of RapA at a 3.2 A˚ resolution.
The authors found that the protein
comprises several distinct structural
domains, including a centrally located
four-domain ATPase core that is typical1294 Structure 16, September 10, 2008 ª200for DNA translocases, where it serves
as an ATP-dependent translocation en-
gine. Two N-terminal domains of RapA
are similar to each other and to the
RNAP-binding domain of Mfd, a bacterial
DNA translocase that helps disassemble
transcription elongation complexes
stalled at lesions in the template strand
of DNA (Park et al., 2002; Roberts and
Park, 2004). A similar domain is present
in the transcription termination factor
NusG, also an RNAP binding protein.
The RNAP binding domain of Mfd pre-
cedes the translocation module (i.e., it
occupies the same position as the N-ter-
minal domains of RapA). The RNAP
binding domain of Mfd binds to an N-ter-
minal region of the RNAP b subunit that
forms the upstream face (with respect
to the direction of transcription) of
RNAP. Binding to this side of RNAP
stalled at a DNA lesion induces the
translocase activity of Mfd, which then
‘‘pushes’’ the RNAP forward (Park
et al., 2002). It is attractive to speculate
that, similar to Mfd, RapA also interacts
with RNAP through its N-terminal do-
mains and that the mechanism of
RapA-dependent transcription stimula-
tion involves ATP-dependent forward
translocation of RNAP along the DNA.
This conjecture is supported by the
structural modeling of RapA in complex
with dsDNA. The presence of two
RNAP binding domains may be respon-
sible for the experimentally observed
strong interaction of RapA with RNAP.
The mechanistic understanding of the
RapA role in stimulating RNAP recycling
was hampered by conflicting reports
about its ability to bind the RNAP core
only (Sukhodolets and Jin, 1998; Sukho-
dolets and Jin, 2000). In the work of8 Elsevier Ltd All rights reservedShaw et al. (2008), the issue was reinvesti-
gated and binding to the core only was
confirmed, whereas the earlier observa-
tions of RapA binding to the RNAP holo-
enzyme were attributed to an artifact.
Furthermore, Shaw et al. (2008) also
show that s70 readily displaces RapA
from a complex with the RNAP core.
These observations again point to a
similarity between RapA and Mfd, since
the latter protein also does not act on
promoter complexes containing RNAP
holoenzyme (Park et al., 2002), and struc-
tural considerations indicate that the
presence of the s subunit should prevent
Mfd interaction with its RNAP binding site
(Deaconescu et al., 2006).
In a series of in vitro transcription as-
says with mixed DNA templates, Shaw
et al. (2008) demonstrate that RapA-in-
duced stimulation of RNAP recycling is
not limited to the same template. Instead,
the subsequent rounds of transcription
stimulated by RapA take place with the
same efficiency on any available DNA
template, thus ruling out exclusively in
cis mechanisms of transcription stimula-
tion, such as promoting reinitiation on
the same template. Moreover, RapA effi-
ciently stimulates transcription, regard-
less of whether it is added into the reac-
tion before or after the first round of
transcription has been completed. Thus,
RapA must stimulate transcription by dis-
sociating/dislodging RNAP from inactive
transcription complexes that must be
forming upon completion of a round of
RNA synthesis.
While the nature of such complexes
(termed posttranscription complexes
[PTC]) is not known at present, one can
offer a hypothesis that agrees well with
the available data. RNAP core, which
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a round of transcription, is
known to interact strongly
but nonspecifically with
dsDNA, forming inactive
complexes, which may well
correspond to PTC. Such an
interaction should make the
RNAP core unavailable for
further transcription. That
RapA is a DNA-remodeling
enzyme, which binds RNAP
in competition with s70, sug-
gests that the principal role
of RapA might be to actively
dissociate the RNAP core in
the PTC from DNA. In the re-
sultant complex, RapA is
then outcompeted by s70,
leading to the formation of
a free holoenzyme capable
of promoter recognition and
initiation of another cycle of
transcription (Figure 1). Most
aspects of this model of
RapA function are readily testable and
should provide important clues about the
mechanism of bacterial transcription as
well as increase our understanding of the
entire SNF/SNF2 protein family proteins’
mechanisms and regulation.
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Figure 1. A Model of Transcription Stimulation by RapA
A schematic representation of the transcription cycle is shown, with E indicat-
ing the RNAP core and E$s indicating the RNAP holoenzyme. (p), (e), (t), and (n)
indicate promoter complexes, elongating, terminating, and nonspecific DNA
transcription complexes, respectively. Straight arrows show the direction of
the transcription cycle. Factors binding and dissociating during the course of
the transcription cycle are shown by bent arrows.Structure 16, September 10, 2008 ª2008 Elsevier Ltd All rights reserved 1295
